SUMMARY
The demand for increased patient safety has led to greater use of simulation training of health professionals performing medical procedures. The study aim was to evaluate the usefulness of the Mediseus ® Epidural Simulator in teaching basic epidural needle-handling skills.
Three groups of 15 anaesthetists (Novice=zero to two year anaesthesia trainees; Intermediate=three-to five-year anaesthesia trainees; Expert=consultants and regional-specialist anaesthetists) from three different medical centres participated. Each participant performed 20 simulated epidural needle insertions and was scored on several parameters (e.g. time, success of the insertion, bone collisions). Following familiarisation with the simulator and the needle insertions, participants answered seven questions on the applicability of the simulator to the teaching of basic epidural needle-handling skills.
There was a clear learning effect with regard to the simulation procedure time, this decreasing throughout the experiment (P=0.037). There was no significant influence of either group or experience with the simulator in the study on the number or type of errors made. The quality of the simulation was scored 2.3 out of 5.0 (for bone simulation) and 4.7 (for loss-of-resistance simulation). All groups considered that the simulator was best suited for training prospective anaesthetists. Each group rated the usefulness of the simulator for training novices at greater than 3.0 out of 5.0.
The Mediseus ® Epidural Simulator seems to be an appropriate training device for an introduction to epidural needle insertion. For medical professionals with procedural knowledge, the simulation is not realistic enough and the simulator did not distinguish between the groups based on the errors made.
residents is increasingly limited 8 . Simulators, it is proposed, can improve the efficacy of training schemes due to better task-orientation, objective performance metrics and better instructional feedback 9,10 .
In anaesthesia, many new devices have emerged for training procedural techniques such as patient monitoring or resuscitation 11, 12 and devices for practising dexterity techniques, including epidural techniques. This article details the first steps in evaluation (see additional notes) of one of the few commercially available devices for the simulated training of epidural insertion: the Mediseus ® Epidural Simulator (Medic Vision Ltd, Melbourne, Vic.). This study focuses exclusively on the dexterity task of epidural needle insertion using the loss-ofresistance to air method.
The repeated successful insertion of an epidural needle is a skill that requires substantial training to master. Research indicates that trainees require approximately 60 to 90 epidural needle insertions to reach a success rate of 90% 13, 14 . The sequelae of incorrect epidural needle insertion may be serious 15, 16 and justify improved training techniques. In performing an epidural, the anaesthetist relies greatly on their haptic sense and dexterity; skills that can be taught, at least partially, by simulation.
SIMULATOR DESCRIPTION
The Mediseus Epidural Simulator is a forceassisted simulation trainer and virtual training environment that can be run on a standard desktop/ laptop computer ( Figure 1 ). The training environment is specially designed for procedural training of the epidural technique in a parturient. The system includes an extensive procedural training protocol within this framework that teaches basic steps in the task: maintenance of a sterile field, reassurance of the patient, selection of anaesthetic agents etc.
The actual needle-insertion training module is the only component of the system that simulates the physical procedure. The needle-insertion training includes many interaction options with the computer (i.e. viewing angles, patient properties), while the physical training uses a realistic needle interface and loss-of-resistance-to-air technique. The system allows trainees to manipulate the virtual insertion level of the needle (L1-L2 or L3-L4) and the orientation of the virtual patient. The simulation then provides real-time viewing of the needle insertion on the computer monitor. The camera angle for this viewing can be manipulated by the user or instructor in real time, allowing analysis of the needle position and review of (faulty) procedures.
The Mediseus Epidural Simulator uses a Phantom Desktop (SensAble Technologies Inc., Woburn, MA, USA) haptic interface ( Figure 1 ), which provides forces and stiffness that simulate the actual interaction of the needle and tissue. The Phantom device has six degrees of freedom (plus rotation of the needle), of which three are actuated (X, Y, Z translation). The haptic interface can apply forces up to 7.9 N and has a stiffness range up to 2.35 N/mm. The insertion point of the needle is fixed in the interaction and this can be virtually altered in the simulation. However, this is a weakness of the simulation because the correct entry point and insertion angle are key elements of the 'live' procedure. The key elements of the simulator are listed in Table 1 . 
METHODS
This study examined the realism of the Mediseus Epidural Simulator and the extent to which it was suitable for the training of the dexterity skills required for the procedure. The study obtained ethical consent from the Hospital Medical Ethics Committee (Catharina Hospital, Eindhoven, the Netherlands) and the Mediseus Epidural Simulator was provided by the company for the purposes of this research.
A total of 45 participants were drawn from three medical hospitals (Catharina Hospital, Eindhoven and Erasmus MC, Rotterdam, both in The Netherlands, and the Royal Hospital for Women and Prince of Wales Hospitals, Sydney, NSW). Participants were divided into three groups of 15 each, depending on their experience with epidural needle insertion (Novice=zero to twoyear anaesthesia trainees; Intermediate=three-to five-year anaesthesia trainees; Expert=consultants and regional specialist anaesthetists) ( Table 2 ). The participants were randomly selected from the staff at the participating hospitals and had neither further association with the study nor prior experience with the Mediseus Epidural Simulator.
All volunteers received a 'hands-on' introduction to the training simulator that included the content and features of the simulator and a written explanation of the goals of the study. They were asked to provide their position in the hospital, age, experience with epidural insertions (approximate total number of insertions), familiarity with virtual reality (VR) simulator training devices and gaming device experience.
The Mediseus Epidural Simulator was connected to a laptop computer via a USB connection. The laptop was used by the researcher to run the simulation and was not otherwise visible to the participant. In standard use, the laptop would be visible to the user, to provide the position of the epidural needle in the simulated patient and the procedural steps required in an obstetric situation.
The experiments were conducted by the authors of the study.
Each participant was asked to perform 20 insertions of the epidural needle. The insertions were performed in randomised order of virtual insertion level (L1-L2 or L3-L4) and virtual patient 'orientation' (sitting or lateral decubitus). The orientation was important as this determined which direction was deemed caudal/cephalad in the manipulation. The time for correct needle insertion, bone contact, nerve contact, penetration of the dura and failure to correctly identify the epidural space were all recorded. Multiple bone or nerve contact in a single procedure was recorded as a single error. Two or more errors of different types were summed for any given trial. The participants received feedback after each needle insertion: whether they had been successful or not and an indication of the nature of the error(s).
On completion of the trials, the participants were asked seven questions, divided in two sections, on the quality and usefulness of the device. The first section evaluated the quality of the device, including the realism of the various tissues and the detection of loss-of-resistance. The second section investigated the applicability of the device for training purposes, with participants asked to indicate whether they thought the epidural simulator was appropriate at various stages of training (early, later during training, once qualified). The questions in the first two sections were answered on an ordinal scale (1=very poor, 5=excellent). Finally, the participants were asked for their open-ended comments and suggestions on how the simulator could be improved, and for additional information if the participant so desired.
Data were analysed using SPSS ® Version 16.0 (SPSS Inc., Chicago, IL, USA). A General Linear Model for repeated measures was used to investigate whether there were learning effects with the simulator for the parameters of task time(s), bone contact, nerve contact, wet-tap and 
RESULTS
All 45 anaesthetists completed the 20 needle insertions with the Mediseus Epidural Simulator and provided answers to the questionnaire. There was a clear learning effect with regard to the procedure time for the simulation, with the procedure time decreasing throughout the assessment (P=0.037) ( Figure 2 ). There were no significant differences between the groups. There was no significant influence of either group or experience with the simulator in the study on the number or type of errors made. The Expert group made 4.0 errors during the 20 repetitions, compared with 4.3 (Intermediate group) and 5.2 (Novice group). The number and type of errors per repetition are shown in Figure 3 . There was no effect of either VR simulator experience or gaming device experience on the number or type of errors made.
The questionnaire responses are presented in Table 3 . There was a mixed response in the evaluation of the simulation quality from the respective groups. Overall, the simulation was quite well regarded with average scores between 2.3 (for bone simulation) and 4.7 (for loss-of-resistance simulation). All groups considered the loss-ofresistance simulation very good, scoring it above 4.5 out of 5.0. Although the effect size might was small, there was a significant difference between the groups (P=0.02) for the evaluation of the lossof-resistance, with the Novice group rating it better than the other groups. The bone contact simulation was the least well appreciated of anatomical structure simulations and the Expert group scored it only 1.5 out of 5.0, compared with 3.2 out of 5.0 and 2.1 out of 5.0 among the Novice and Intermediate groups (P <0.01). Conversely, the mean appreciation score of the supra-and interspinous ligament simulation was higher from the Expert group at 3.5 out of 5.0, which was significantly higher than the Novice group score (P=0.03). There were no significant differences between the groups for the simulation of the ligamentum flavum.
In terms of suitability for training, the Expert group was consistently more inclined to recommend the simulator for training of epidural skills at each stage of training, while all groups considered it best suited for early in training. Each group rated its usefulness for training Novices as >3.0 out of 5.0. The Expert group was the most likely to recommend the simulator as a 'refresher' device, but rated its applicability for this role as only moderate (2.7 out of 5.0). Correction of the findings for VR simulator or gaming experience of the participants had no significant effect on the results for evaluation of either the simulation quality or application to training.
For open-ended questions, many respondents indicated that the bone simulation was not appropriate and detracted from the overall quality of the simulator (16 responses). Some respondents also noted that bone is passive (should not vibrate) and far firmer in a real procedure (eight responses). A number of the respondents considered that the simulator could be improved by greater variability of the patient characteristics (e.g. more variation of the depth of the epidural space or of stiffness of the anatomical structures) (seven responses). Two of the Expert group expressed a desire for simulation of thoracic epidural procedures. The general 'tone' of the participants about the Mediseus Epidural Simulator was positive but many thought that improvements were necessary and the task too easy.
DISCUSSION
This study demonstrates that the Mediseus Epidural Simulator has limited capacity to differentiate between anaesthetists of different All statistics given as mean (SD) except where indicated. VR=virtual reality. * Indicates statistically significant difference from the other two groups. † Indicates significant difference between two groups indicated.
experience. As such, it may be argued that the device is inappropriate for training the procedure of epidural needle insertion (assuming that 'experts' indeed perform 'well' in real life). Participating anaesthetists identified some areas for potential improvement of the simulation. The bone contact simulation was considered to be the most important aspect requiring improvement. Overall, anaesthetists of all experience levels were generally positive about the value of the device for training those inexperienced with the procedure, but the device was considered less suitable as a 'refresher' device. Structured training and assessment of anaesthesia skills before entering the operating room and performing procedures on real patients is an important issue in current training. VR simulation is considered a valuable training method for general anaesthetic techniques 11 and for some tasks requiring dexterity (e.g. video laryngoscopy 17 ), but has had limited adoption for simulation of regional techniques. A number of the respondents indicated that they considered using the Mediseus Epidural Simulator to be too easy. Many experts consider the optimal location of the needle between the spinous processes and the orientation of the needle to be some of the most challenging aspects when performing an epidural. These facets of the procedure are only partially met by this simulator and are key features for hardware development.
Theoretically, the learning curves for trainee groups of varying experience should approximate the model illustrated in Figure 4 9 . In this model it is assumed that parameters such as task time, bone contact, nerve contact etc. will decrease as experience is gained through training. Theoretically, there should not be a learning curve for expert anaesthetists who are expected to be fully proficient already (Line 1=horizontal, or no training effect). However, simulation is an approximation of the real situation and the experts' performances are likely to be better characterised by Line 2 (a mild learning effect). Line 3 illustrates the (significant) learning 'gap' from the Expert group, characterising the learning curve of the Novice group. The performance of the Novice group should approach that of the Expert group with training repetition. Tasks that are well suited for simulation require that the Novice group's curve gradually approaches that of the Expert group; tasks mastered within a few repetitions are of limited usefulness for this type of training.
There are a number of limitations to a questionnaire study, including the inherent weakness of its subjective nature. Although the questionnaire is modified from previous research, systemic errors can originate from the questionnaire itself, e.g. the interpretation of the questions may differ among the subjects. Also the enthusiasm of the participant in general for VR simulation or the attractiveness of the training device can bias the results.
Besides evaluation of the simulation quality, the participants were asked to express opinions about the training quality of the device for different phases of anaesthesia training. The Expert group proved more enthusiastic about using the device, which corroborates similar studies with laparoscopic VR simulators 18 and may be explained by the reluctance of trainees to impose additional testing metrics on their performance evaluation.
Another limitation was the study focus on the training of dexterity tasks. The Mediseus Epidural Simulator is designed to train the full procedure in an obstetric setting, but this capacity fell outside the scope of this study. Further study might incorporate an assessment of the training capacity of the simulator for procedural proficiency.
The ultimate goal of any simulation is proof that competence in the simulation translates to real-world performance. However, validating this is very difficult for a number of reasons (e.g. lack of objectivity of performance metrics in the real world, different patient characteristics and difficulty levels). Future research should focus on determination of the key aspects of the procedure that require development of appropriate hardware for VR training simulators.
The Mediseus Epidural Simulator was considered by 45 anaesthetists, at various stages of their careers, to be an appropriate training device for initial introduction to epidural needle insertion. The device features a realistic needle interface and the participants regarded simulation of the lossof-resistance technique and various anatomical structures of the spine positively. However, for medical professionals with procedural knowledge, the simulator is not realistic enough. Given that it did not distinguish between users of significantly different proficiency, it is not an appropriate device for evaluation of junior trainees. Further research is required to determine whether there are pertinent dexterity components of the epidural insertion procedure that could be candidates for tuition outside the operating room on VR simulators. Better simulation will likely require more suitable, custom-built hardware.
ADDITIONAL NOTES
Specifically, this article investigates the 'Face' and 'Construct' validity of the Mediseus Epidural Simulator. 'Face' validity addresses whether the simulation is true to the real task and whether it is useful for training. 'Construct' validity can be defined as an evaluation of a testing instrument based on the degree to which the test items identify the quality, ability or trait it was designed to measure 19 . This is usually done by measuring performance in groups that are hypothesised to differ in the skill being measured by the instrument (e.g. experienced anaesthetists versus novices) 19 .
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